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A skull pin assembly for use with a skull clamp includes a
skull pin that 1s slidable 1into contact with a head of a patient.
A pin load applicator 1s removably connectable to the skull
pin assembly and includes a loading shait that 1s able to apply
a force against an mner end of the skull pin. The pin load
applicator also has a biasing element operable to apply a force
on the loading shaft that, in turn, transfers the force to the
skull pin. A load force indicator 1s connected to the loading
shaft and provides an indication of the force being applied by

the skull pin. The pin load applicator permits the force being
applied by the skull pin to be adjusted to a desired value; and

thereaiter, the pin load applicator 1s removed from the skull
pin assembly without changing the desired skull pin force.

8 Claims, 6 Drawing Sheets
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RADIOLUCENT SKULL CLAMP WITH
REMOVABLE PIN LOAD APPLICATOR

This application claims the benefit of U.S. Provisional
Application Ser. No. 60/446,299, filed Feb. 10, 2003.

FIELD OF THE INVENTION

This invention relates generally to neurosurgical apparatus
and more particularly, to an improved apparatus for support-
ing a head of a patient.

BACKGROUND OF THE INVENTION

Generally, cramial stabilization refers to a line of compat-
ible and 1nterconnectable medical devices used during neu-
rosurgery to hold the head of a patient 1n a fixed position
relative to a surgical operating table. A typical arrangement of
such products may include, for example, a base unit that
connects directly to the surgical table, one or more adaptors
connected to the base unit, and a skull clamp connected to an
adaptor. The skull clamp often has three skull pins that engage
and hold the skull of the patient.

One type of known skull clamp 1s designed to accommo-
date all s1zes of heads and 1s comprised of two opposed clamp
arms that have proximal ends slidable with respect to each
other. A distal end of one clamp arm has a single skull pin, and
a distal end of the other clamp arm has a rocker arm with two
skull pins. Such a skull clamp and 1ts supporting linear slide
mechanism 1s a relatively large structure. Scanning machines
require that a skull clamp and supporting structure be fully
radiolucent, as small as possible and still provide flexibility
and stability 1n supporting a patient’s skull. One known
approach to reducing the size of the skull clamp 1s to replace
the two opposed sliding clamp arms with a radiolucent uni-
tary clamp body structure.

Regardless of the general construction of the skull clamp,
three skull pins are used to support the head of a patient. One
skull pin 1s positioned to contact one side of the head; and two
skull pins are positioned to contact an opposite side of the
head. It 1s often desirable that the clamping force applied by
the skull pins be distributed so that equal and opposite forces
are applied to opposing sides of the head. With known
designs, a force adjusting screw 1s threaded through the skull
clamp body. A skull pin 1s inserted with a compression spring
in an iner end of the force adjusting screw. Thus, with the
skull pin contacting the head, as the force adjusting screw 1s
tightened, the compression spring 1s compressed; and the
skull pin applies an engagement force against the head. The
magnitude of the engagement force 1s determined by the
spring constant of the spring. A scale often extends through an
outer end of the adjusting screw; and as the adjusting screw 1s
tightened and the engagement force increases, the scale
extends past the outer end of the adjusting screw an amount
proportional to the engagement force. Thus, by observing the
scale, the adjusting screw can be tightened to provide a
desired engagement force magnitude.

While the above skull pin and force adjusting screw com-
bination works well, it does have disadvantages. First, the
compression spring within the force adjusting screw 1s made
of metal and thus, 1s not radiolucent. The use of nonradiolu-
cent materials 1n association with a radiolucent skull clamp
body 1s undesirable and results 1n artifacts in MR1I scans of the
head when 1t 1s mounted in the skull clamp. Further, the
manifestation of such artifacts 1s unpredictable and may vary
from scan to scan, which makes the scanned information
more difficult to interpret and use. In addition, the artifacts
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increase as the number of skull pins with an engagement force
indicator increases. In addition, the force adjusting screw and
scale extend radially outward beyond the outer perimeter of
the skull clamp, which increases the envelope of space
required by the skull clamp within the scanning machine.

Thus, there 1s a need to provide a skull pin force adjusting
mechanism that does not have the disadvantages discussed
above.

SUMMARY OF THE INVENTION

The present mvention provides a skull pin assembly and
removable pin load applicator that allows a user to easily set
a desired engagement force but 1s fully radiolucent during an
MRI scan. Further, the removable pin load applicator includes
the force adjusting screw and can be removed after the
engagement force 1s set, thereby substantially reducing the
envelope of space required by the skull clamp within the
scanning machine.

According to the principles of the present invention and 1n
accordance with the described embodiments, the invention
provides a skull pin assembly slidably mountable on a skull
clamp. The skull pin assembly includes a skull pin that 1s
movable to contact the head of a patient. A pin load applicator
1s removably connectable to the skull pin assembly and
includes a loading shaftt that 1s able to apply a force against an
inner end of the skull pin. The pin load applicator also has a
biasing element operable to apply a force on the loading shaft
that, 1n turn, transfers the force to the skull pin. A load force
indicator 1s connected to the loading shaft and provides an
indication of the force being applied by the skull pin contact-
ing the head of the patient. The pin load applicator permits the
force being applied by the skull pin to be adjusted to a desired
value; and thereafter, the pin load applicator can be removed
from the skull pin assembly without changing the desired
skull pin force.

In another embodiment, the invention includes a skull
clamp having the above-described skull pin assembly and
removable pin load applicator. In a further embodiment, the
clamp and the skull pin assembly are made of radiolucent
materials. Hence, with the metallic biasing element in the pin
load applicator removed from the skull pin, there are no
artifacts 1n a subsequent MRI scan attributable to the metallic
biasing element. In a still further embodiment, the invention
provides a method of using the above-described skull pin
assembly and removable pin load applicator.

These and other objects and advantages of the present
invention will become more readily apparent during the fol-
lowing detailed description taken in conjunction with the
drawings herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view of one configuration of a radiolucent
skull clamp 1n accordance with the principles of the present
invention.

FIG. 2 1s partial cross-sectional view of a skull pin assem-
bly and a removable pin load applicator for the radiolucent

skull clamp of FIG. 1.

FIG. 31saplan view of an end of a skull pin mounting using,
the skull clamp of FIG. 1.

FIG. 4 1s a partial cross-sectional view of a pad screw
assembly used with the radiolucent skull clamp of FIG. 1.

FIG. 5 1s a plan view of another configuration of the radi-
olucent skull clamp of FIG. 1.

FIG. 6 1s a partial cross-sectional view of a rocker arm
assembly used with the radiolucent skull clamp of FIG. 1.
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FI1G. 7 1s a partial cross-sectional view of the removable pin
load applicator applied to a skull pin assembly of the radiolu-
cent skull clamp of FIG. 1.

FIG. 8 1s a partial cross-sectional view of a clamp support
assembly for the radiolucent skull clamp of FIG. 1.

FIG. 9 1s a partial cross-sectional view of a hinge plate
assembly of the clamp support assembly of FIG. 5.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FI1G. 1, a skull clamp 20 includes an arcuate,
single-piece, unitary clamp body 22 that has a generally quad-
rilateral, for example, a rectangular, cross-sectional profile.
The body 22 has an arcuate inner surface 24, an opposed
arcuate outer surface 26 and opposed arcuate side surfaces 28.
The body 22 1s generally circular with respect to a center point
30. One end 32 of the body 22 has a generally radially directed
bore 34a extending through the iner and outer surfaces 24,
26 and 1n which an msert 36« 1s rigidly mounted, for example,
by an epoxy, threads or other means. A skull pin assembly 35a
includes an engagement shaft 40a that 1s slidably mounted
within the insert, and a locking nut 444 that 1s mounted on an
inner end of the engagement shait 40a. The skull pin assem-
bly 35a further includes a skull pin 564 1nserted 1n one end of
a piston 50q, that, in turn, 1s slidably disposed within the
engagement shait 40a. The skull pin assembly 35a permits
the skull pin 564 to be moved into contact with a head or skull
of a patient shown schematically by the phantom line 37.

As shown 1n FIG. 2, the insert 36a has a smooth internal
bore 38 with anoncircular cross section. An engagement shaft
40a has external threads 42a; and, as shown 1n FIG. 3, an
external noncircular cross-sectional profile that 1s similar to,
but slightly smaller than, the cross-sectional profile of the
engagement shaft bore 38. Thus, the engagement shaft 40q 1s
locked from rotation with respect to the insert 36a but, 1s able
to slide linearly 1n a generally radial direction with respect to
the clamp body 22. The noncircular cross-sectional profiles of
the insert bore 38 and the exterior of the engagement shait 40a
may be of any noncircular shape that achieves the same result
and also permits threads 42a to be formed on the exterior of
the engagement shaft 40a, so that a locking nut 44a (FI1G. 2)
can be threaded over the engagement shait threads 42a.

Referring to FIG. 2, the engagement shaft 40a has a
threaded inner bore 46 that receives threads 48 of a piston
50a. The piston 50a can be threaded into either end of the
engagement shaft 40a. The piston S0a has an 1nner end cavity
52 that 1s sized to receive a shank 54 of a skull pin 56a. An
O-ring 58 on the skull pin shank 54 provides an interference
fit with the end cavity 52 to prevent the skull pin 56a from
inadvertently sliding out of the piston 50a. A central through
hole 60 within the piston 50q allows air to escape from the
cavity 52 when the skull pin 564 1s mounted within the piston
S0a.

Referring to FIG. 1, a second, opposite end 62 of the skull
clamp body 22 has a respective pair of generally radially
directed bores 345 and 34c¢ extending through the 1nner and
outer surfaces 24, 26. Skull pins 565, 56¢ are mounted 1n the
respective bores 34b, 34¢ 1n a manner substantially identical
to the mounting of the skull pin 56a described above. Thus,
skull pins 565, 56¢ are mounted in the ends of respective
pistons 500, 50c¢ that, in turn, are threaded into respective
engagement shafts 405, 40¢. The engagement shafts 405, 40¢
are slidably mounted within respective inserts 365, 36¢ that
are rigidly mounted within the respective bores 345, 34c.

The unitary clamp body 22 has further bores 64 that extend
through the mmner and outer surfaces 24, 26 in a generally
radial direction with respect to the center point 30. Referring
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to FIG. 4, inserts 66 are rigidly fastened within the bores 64 by
epoxy or other means. The outer surface of the inserts 64 may
be provided with longitudinal grooves or other texturing such
that the epoxy or other adhesive firmly locks the inserts 66
within the bores 64. Each of the inserts 66 has a threaded
through hole 68 that 1s sized to recerve outer threads 70 on a
pad adjusting screw 72. A pad assembly 74 has a resilient pad
76 pivotally mounted to a pad support 78. A shank 80 extend-
ing from the pad support 78 1s msertable 1n an end cavity 82
in an mner end of the pad adjusting screw 72. An O-ring 84
mounted on the shank 80 1s sized to provide an interference fit
within the cavity 82, thereby preventing the support pad
assembly 74 from inadvertently dropping off of the pad
adjusting screw 72. A central bore 86 within the pad adjusting
screw permits air to escape from the cavity 82 as the shank 80
1s 1nserted therein. Rotation of a knob 83 on an outer end of
the pad adjusting screw 72 moves the pad 76 radially toward
or away Irom the center point 30. Thus, the clamp body 22
permits up to three support pad assemblies 74 to be used to
support and stabilize the skull while the skull pins 56 are
properly engaged with the skull. Thereatfter, the support pad
assemblies 74 are backed away from contact with the skull.

FIG. 5 1llustrates another configuration of the skull clamp
20. First, 1t should be noted that the piston 50q 1 FIG. 5 1s
longer than the piston 50aq shown 1n FIG. 1. Thus, by using
pistons 50q of different lengths, a wide range of skull sizes
can be accommodated. With some patients or procedures, a
surgeon may prefer to utilize a rocker arm assembly 90 on an
opposite end 62 of the clamp body 22 1n place of the pair of
skull pins 565, 56¢ illustrated 1n FIG. 1. The pair of skull pins
56b, 56¢ can be removed from their respective inserts 365,
36¢ by simply sliding the respective engagement shatts 405,
40c toward the center point 30. The skull clamp body 22 has
a further bore 92 that extends through the inner and outer
surfaces 24, 26 at a location that 1s aligned generally diametri-
cally opposite the bore 344 located in the clamp body first end
32. Referring to FIG. 6, a rocker arm 1nsert 94 1s rigidly
tastened within the bore 92 by epoxy or other means. An outer
end 96 of an 1internal bore 98 1n the insert 94 has a noncircular
cross-sectional profile, for example, a hexagonal shape. A
swivel lock 100 has an external noncircular cross-sectional
profile that 1s substantially similar to, but slightly smaller
than, the cross-sectional profile of the bore outer end 96.
Thus, when the swivel lock 100 1s inserted 1n the bore outer
end 96, 1t can slide longitudinally with respect to the bore 98
but 1s prevented from rotating with respect to the nsert 94.
The swivel lock 100 further has on 1ts 1nner end a toothed
connector 102, for example, a star burst connector comprising
a ring of teeth.

The mner end 104 of the insert internal bore 98 has a flared
shape that receives an inner end of a rocker arm swivel 106. A
toothed connector 108 1s disposed on an outer end of the
rocker arm swivel 106 and located opposite the toothed con-
nector 104 on the swivel lock 100. A rocker arm 110 1s
pivotally mounted 1n a clevis at an inner end of the rocker arm
swivel 106 1n a known manner to pivot with respect to a pivot
axis 111, and skull pins 112 are removably mounted at ends of
the rocker arm 110 in a known manner. A knob 114 1s
threaded on an outer end of a swivel locking screw 116. The
swivel locking screw 116 extends centrally through a clear-
ance hole 118 in the swivel lock 100 and through the toothed
connector 108, and the screw 116 has an inner end that 1s fixed
in a threaded hole in the rocker arm swivel 106. Thus, turning
the knob 114 1n one direction moves the knob 114 outward,
that 1s, to the left as viewed 1n FIG. 6, thereby removing a
clamping force from swivel lock 100 and permitting the
swivel lock 100 to move slightly outward with the knob 114.
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The rocker arm connector 108 then disengages from the
swivel lock connector 102, which allows the rocker arm 110
to be rotated with respect to an axis of rotation 122. When the
desired angular position of the rocker arm 110 1s achieved, the
knob 114 1s rotated 1n an opposite direction, thereby moving
it and the swivel lock 100 to the right as viewed 1n FIG. 6,
which engages the connectors 108 and 102 and secures the
rocker arm 110 at 1ts desired angular position.

It 1s often desirable to be able to tighten one or more of the
skull pins 56 shown in FIGS. 1 and 3 to a desired force, so that
the skull 1s held 1n the skull clamp 20 with a desired clamping,
force. The skull clamp 20 of the present invention has the
capability of controlling the clamping force applied by one or
more of the skull pins 36 m all of 1ts configurations. Referring,
to FIG. 7, to achieve a desired clamp force with skull pin 56a,
a removable pin load applicator 126 1s threaded onto the
external threads 37 of the insert 34a. The removable pin load
applicator 126 1s comprised of a knob 128 that resiliently
supports aload force indicator 130 extending through a center
hole 132 of the knob 128. A plunger 134 on one end of a
loading shait 135 has an outer surface 136 that contacts an
outer end 138 of the engagement shait 40a. An opposite end
140 of the loading shaft 135 1s threaded 1into an 1nner end 142
of the load force indicator 130. A biasing means 144, for

example, a compression spring, extends between the plunger
134 and an internal surface 143 within the knob 128.

The knob 128 has internal threads 150 that mate with the
external threads 37 on the insert 36. As the knob 128 1is
tightened over the 1nsert 36, the plunger distal end 136 con-
tacts the engagement shaft outer end 138 and pushes the
engagement shait 40a until the skull pin 56a contacts the
patient’s head. Continued tightening of the knob compresses
the spring 144, which applies a reactive force against the
engagement shait 40q that, in turn, causes the skull pin 56a to
apply the reactive force against the patient’s head. Further
tightening of the knob 128 increases the clamping force
applied by the skull pin 56a. The force compressing the
spring 144 shortens the spring 144 and causes the load force
indicator 130 to move outward away from the surface 148.
The outer surface of a shank portion of the load force 1indica-
tor 130 contains annular markings 146 that dimensionally
represent a force being applied by the skull pin 56a. When one
of the force indicator rings 146 1s moved to a position adjacent
the surface 148, a force represented by that indicator ring 1s
being applied by the skull pin 564 against the skull. The knob
128 1s tightened until a desired force 1s achieved as repre-
sented by the appropriate force indicating ring 146 being
positioned with respect to the surface 148. At that point, the
locking nut 44 1s rotated until 1t contacts the inner surface 24
of the clamp body 22. The knob 128 1s then loosened, and the
removable pin load applicator 126 i1s removed from the insert
36. The locking nut 44 holds the engagement shatt 40 1n a
position that applies the desired force against the skull via the
skull pin 56a. As will be appreciated, the knob 128 can be
used in the same manner to adjust the forces applied by skull
pins 365 and 56c¢.

Referring to FIGS. 8 and 9, the skull clamp 20 1s mounted
to a dovetail rail 244 on a patient support by means of a skull
clamp support assembly 160. A clamp support bracket 162
has an internal opening 164 with a cross-sectional shape
substantially similar to, but slightly larger than, the cross-
sectional profile of the clamp body 22. The clamp support
bracket 162 also has a toothed connector 166 that 1s located
adjacent to a mating toothed connector 168 on a swivel adap-
tor 170. Thus, the clamp support bracket 162 and clamp body
22 are able to p1vot with respect to the swivel adaptor 170 and

about an axis of rotation 172. A swivel locking screw 174
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extends through an internal through hole 1n the swivel adaptor
170 and 1s threaded into an end cavity 176 in the lower end of
the clamp support bracket 162. A pin 178 1s mounted 1n the
swivel adaptor 170 and extends 1into an annular groove 180 1n
the swivel locking screw 174. Therefore, the swivel locking
screw 174 1s able to rotate freely within the swivel adaptor
170 but cannot be removed therefrom. Further, rotation of the
swivel locking screw 174 1n one direction causes the support
bracket connector 166 to separate from the swivel adaptor
connector 168, thereby permitting the clamp support bracket
162 and clamp body 22 to be rotated with respect to the swivel
adaptor 170. Turning the swivel locking screw 1n the opposite
direction engages the connectors 166 and 168, thereby firmly
securing the clamp support bracket 162 and clamp body 22 1n
a desired angular position with respect to the swivel adaptor
170.

A position locking screw 182 extends through the swivel
locking screw 174 and the swivel adaptor 170 and engages a
second threaded bore 184 1n the lower end of the clamp
support bracket 162. Rotating the position locking screw 182
in one direction forces an end face 186 of the screw against a
side 26 of a clamp body 22, thereby locking the clamp body
22 within the clamp support bracket 162. Turning the position
locking screw 182 1n the opposite direction disengages the
end surface 186 from the clamp body side 28 and permits the
clamp body 22 to move freely through the opening 164 in the
clamp support bracket 162.

Retferring to FIG. 9, the swivel adaptor 170 has opposed
toothed connectors 188, 190 that are located opposite
opposed toothed connectors 192, 194 at one end of first and
second hinge plates 196, 198, respectively. The hinge plates
196, 198 have respective pins 200, 202 that extend into oppo-
site ends of a bore 204 extending through the swivel adaptor
170. Opposite ends of the hinge plates 196, 198 have respec-
tive toothed connectors 206, 208 that are located opposite
toothed connectors 210, 212 of a dovetail adaptor 214. The
dovetail adaptor has a through hole 216 that recerves pins 218,
220 of the first and second hinge plates 196, 198, respectively.
A hinge locking screw 222 has a smooth shaft 224 that
extends through a threaded hole 226 of the first hinge plate
196. A distal end of the smooth shaft 224 1s threaded and
engages a threaded hole 228 of the second hinge plate 198.
Thus, rotating the hinge locking screw 222 1n the first direc-
tion disengages the opposed pairs of connectors 188, 192,
190, 194, 206, 210 and 208, 212; and the swivel adaptor 170
and the dovetail adaptor 214 are able to rotate freely with
respect to each other. Rotating the hinge locking screw 222 in
the opposite direction engages the opposed pairs of connec-
tors, thereby securing the swivel adaptor 170 and the dovetail
adaptor 214 at desired angular positions with respect to each
other.

Referring back to FIG. 8, the dovetail adaptor 214 has a
U-shaped end 230 that receives a tongue 232 of a dovetail
234. A dovetail locking screw 236 extends through a threaded
hole 238 of the U-shaped end 230 and 1nto a cavity 240 of the
tongue 232. Thus, rotating the dovetail locking screw 236 in
one direction displaces a distal end 242 of the dovetail locking
screw 236 away from the cavity 240, thereby allowing the
dovetail 234 to be removed from the dovetail adaptor 214.
Turning the dovetail locking screw 236 1n the opposite direc-
tion causes 1ts distal end to contact walls of the cavity 240,
thereby securing the dovetail 234 in the dovetail adaptor 214.
The dovetail 234 1s msertable and lockable 1 a dovetail rail
234 1n a known manner.

In use, a patient 1s positioned on an operating table and/or
table extension in a known manner; and the patient’s head 1s
located generally within the clamp body 22. The surgeon 1s
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then able to manipulate the skull clamp 20 and the patient’s
head to a desired position using various adjustments on the
clamp support assembly 160 described above with respect to
FIG. 8. Prior to setting the skull pin clamping force, the
lengths of the pistons 50 are chosen such that the skull pins
can simultaneously contact the patient’s head, while a sub-
stantial portion of the pistons 50 remain threaded within the
respective engagement shafts 40. Various configurations of

pins 36 and the rocker arm pins 112 can be used to support the
head 1 a wide range of positions. Further, the pads 74 are
used to support and stabilize the patient’s head 1n a desired
position while the pins 56 are tightened to a desired clamping,
torce. Thereatfter, the pads 74 are moved out of contact with
the patient’s head.

To achieve a desired clamping force, as described with
respectto FI1G. 7, the removable pin load applicator 126 1s first
mounted on the insert 36a and used to apply the desired
clamping force with the skull pin 56a. Next, the removable
pin load applicator 126 1s removed from the 1nsert 36a and
mounted on one of the opposed 1nserts, for example, the insert
36b. The knob 128 1s tightened until the respective locking
nut 445 just begins to move. That torque reading for the skull
pin 56b 1s recorded, and the removable pin load applicator
126 1s then mounted on the other opposed msert 36¢. Again,
the knob 128 1s tightened until the respective locking nut 44¢
just begins to move. The torque reading for the skull pin 56c¢
1s read and compared to the torque reading for the skull pin
56b. If the torque readings are not substantially equal, the
removable pin load applicator 126 can be used 1n association
with one or both of the inserts 365, 36¢; and the knob 128
tightened or loosened 1n order to bring the forces applied by
the skull pins 56 to their desired values.

The skull pin assemblies 35 are often made from commer-
cially available radiolucent materials, for example, “DEL-
RIN”, “PEEK”™, “ULTEM?”, phenolic and/or sapphire radiolu-
cent materials, that produce a mimimum of artifacts during an
MRI scanning process. When so made, the skull pin assem-
blies 35 with the removable pin load applicator 126 have
several advantages. First, with the removable pin load appli-
cator 126 removed, all of the skull pin assemblies 35 have the
capability of applying respective desired measurable clamp-
ing forces against the skull while producing substantially the
same artifacts during the MRI scanning process as radiolu-
cent skull pins that do not have that capabaility. Second, as
shown 1n FI1G. 2, with the pin load applicator 126 removed,
the skull pin assemblies 35 have a projection beyond the outer
perimeter of the head clamp 22 that 1s substantially less than
known skull pin and force adjusting screw combinations.
Further, the pistons 50 can be made with a range of different
lengths, so that the skull clamp 20 can be used with a wide
range of different head sizes.

While the invention has been 1llustrated by the description
of one embodiment and while the embodiment has been
described 1n considerable detail, there 1s no intention to
restrict nor 1n any way limit the scope of the appended claims
to such detail. Additional advantages and modifications will
readily appear to those who are skilled 1n the art. While the
skull pin assemblies 35 and the removable pin load applicator
126 have been shown and described with respect to a single
piece skull clamp body 22, as will be appreciated, the skull
pin assemblies and the removable pin load applicator 126 can
be used with skull clamps of other designs, for example, a
skull clamp having opposed arms that are movable relative to
cach other. The particular design or type skull clamp shown
and described herein 1s not to be considered a limitation on the
inventions claimed.

10

15

20

25

30

35

40

45

50

55

60

65

8

Further, 1n the described embodiment, the biasing means
144 1s a compression spring, but as will appreciated, 1n alter-
native embodiments, other resilient devices may be used for
the biasing means 144.

In the described embodiments, the engagement shatt 40 1s
slidable within the isert 36; and the removable pin load
applicator 126 1s threaded onto the insert 36. As will be
appreciated, 1n an alternative embodiment, the engagement
shaft can be threaded into the insert; and the removable pin
load applicator removably connected to the outer end of the
engagement shaft, for example, by a twist and lock connec-
tion. Therefore, turning the pin load applicator rotates the
engagement shaft with respect to the insert; and moves the
skull pin into contact with the head of the patient. The pin load
applicator 1s further rotated until the load indicator indicates
that the skull pin 1s applying a desired force against the
patient’s head. Thereatter, the pin load applicator 1s removed
from the engagement shaft. The threaded engagement
between the engagement shaft and the insert prevents the
skull pin from moving away from the patient’s head; and the
desired skull pin force 1s maintained. A locking nut may also
be used to secure the engagement shaft from rotation.

Therefore, the imnvention 1n 1ts broadest aspects 1s not lim-
ited to the specific details shown and described. Conse-
quently, departures may be made from the details described
herein without departing from the spirit and scope of the
claims which follow.

What 1s claimed 1s:

1. An apparatus for use with a radiolucent skull clamp
supporting a head of a patient comprising:

a skull pin assembly adapted to be mounted to the skull

clamp, the skull pin assembly comprising

a skull pin adapted to be movable into contact with the head
of the patient;

an engagement shaft adapted to be slidable but not rotat-
able with respect to the skull clamp;

a lock nut threaded on an 1nner end of the engagement shaft
to limit slidable motion of the engagement shait in a
direction extending outward from the skull clamp;

an 1insert adapted to be mounted to the skull clamp the insert
receiving and supporting the skull pin assembly; and

a pin load applicator adapted to be removably connectable
to the skull clamp comprising

a loading shaft in mechanical commumcation with the
skull pin,

a biasing element operable to apply a force on the loading
shaft, the loading shait in turn transierring the force to
the skull pin contacting the head of the patient, and

a load force indicator connected to the loading shait and
providing an indication of the force being applied by the
skull pin contacting the head of the patient, the loading,
shaft, the biasing element and the load force indicator
being contained in a unitary component that 1s connect-
able to and disconnectable from the skull clamp as a
single component, the pin load applicator being movable
to adjust the force applied by the skull pin contacting the
head of the patient, and thereatter, the pin load applicator
being removable from the skull clam without changing
the force being applied by the skull pin contacting the
head of the patient.

2. The apparatus of claim 1 wherein the skull pin assembly
turther comprises a piston supported by the engagement shaft
and connected to the skull pin.

3. The apparatus of claim 2 wherein the piston is threaded
within the engagement shait and movable to change a length
of the skull pin assembly.
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4. The apparatus of claim 2 wherein the skull pin 1s sup-

ported by an inner end of the piston.

5. An apparatus for use with a radiolucent skull clamp

supporting a head of a patient comprising;:

a skull pin assembly adapted to be mounted with respect to
the skull clamp, the skull pin assembly comprising a
skull pin adapted to be movable mto contact with the
head of the patient and a holder for holding the skull pin;

a lock mounted on and adjustable relative to the holder, the
lock operable to prevent movement of the skull pin away
from the head of the patient;

a pin load applicator removably connectable to the skull
pin assembly and comprising a loading shaft 1in
mechanical communication with the skull pin via the
holder,

a biasing element operable to apply a force on the loading
shaft, the loading shaft 1n turn transferring the force via
the holder to the skull pin contacting the head of the
patient, and

a load force indicator connected to the loading shaft and 20

providing an indication of
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the force being applied by the skull pin contacting the head
of the patient, the pin load applicator being movable to
adjust the force applied by the skull pin contacting the
head of the patient, so that the lock can then be adjusted
relative to the holder so as to maintain said applied force,
and thereafter the pin load applicator being removable
from the skull pin assembly without changing said
applied force being applied by the skull pin contacting
the head of the patient.

6. The apparatus of claim 5 wherein said radiolucent skull
clamp includes at least two such skull pin assemblies
arranged on substantially opposite sides of the patient’s head.

7. The apparatus of claim 3 wherein the pin load applicator
connects to the skull pin assembly outboard of the skull clamp
and the lock 1s located inboard of the skull clamp.

8. The apparatus of claim 5 wherein the holder has external
threads and the lock 1s a nut sized to threadably engage the
external threads of the holder.
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